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Method and composition for 
th i evaluation of phagocytic r»- 
Of inse 

(57 1 A method and composition for 
mj asuring the ability ofj an organ- 
isi i to resist infection are described. 
At ample of blood celts is taken 
' jri an organism. The phagocytic 
[hmy of the phagocytes in the 
|od ts estimated by njjixlng the 
Sis with zymosan particles or poty- 
ric beads coated wrfk protein 
j a luminescent chemical. Whon 
i phagocytic cells are mixed with 
iter of these compositions, the 
lis engulf the pertictee thus ceua- 
in j the activation of the cells' blo- 
d amical mechanisms, 0*yaen in- 
« mediates result from| this mecha- 
n hm causing a reaction with the 
ll Jninescent chemical Spurting jp 
tfi a production of lightj This light is 
rn jaaored on a lum in o mater and 



based on the rati of light pro- 
duction and the maximum pro- 
duced, the phagncytic activity of 
said cells is meat ured. 
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aIsAY USING ZYMOSAN BASED REAGENT 

Healthy indivktual. 
Four children wft^ramc 
granulomatous disease. 




40 SB 60 

lNCUBAHONtriMEat37C 
MINUTES 
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rYPlCAL RESPONSE OF! 
SOLATED TnEUTROPHILS-ASSAY 
JS1NG ZYMOSAN BASED REAGENT. 

Healthy individual.. 
FoAr children with chronic 
granulomatous disease. 




INCUBATION TIME 
MINUTES 
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SPONSE OF ISOLATED 

POiyM BASED REAGENT. 

Healthy individual. 
Four children with chronic 
g iianulomatous disease. 




INCUBATION TIME 
MINUTES 
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OSAN BASED REAGENT 

e of one a<M and fwc< asthmatic 
not on medication, 
of two children on therapeutic 
of theophylline for asthma. 
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T/PICAL RESPONSE OF 
ISOLATED NEUTROPHILS-ASSAY 
QsiNG i 2*MO&N BASED REAGENT. 

Average of asthmatic(no medication) 
children and adults. 
Average of two asthmatic children on 
therapeutic doses of theophyinne. 
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SPECIFICATION 

Method and composition for 
of phagocytic response 

Technical Fiet i 
The field of ait to which this 
tains is assayipncthods of rnea 
ky of an organism to resist inf 

'j.' . ■.*■« il \+t-t'cir*4rtr and 



the evaluation;' 



I 11 

nsuh 



1 0 sra'ons usohYljjm'erefor. end 
ing such compositions, 

Background Art 
The observation that certair 
1 5 calls found in the blood and i 
the lung generate light asan 
physical Ingestion of particles 
or non-Irving jpompositions ha 
over the years in the sclontifi( 
20 These observations are based 
found in th© alood or organs 
to serve a critical function of ^ 
phagocytostnb (engulfing) am j 
partfcles sucfj aa bacteria thrt ugh 
25 chemical mechanisms- These 
seek out and remove non-inft 
such as airborne particulate £ 
thia cellular (jhemical mochar 
production of relatively high 
30 intermediates- The celt will t 
chemicals wlien stimulated 
These high fWgy oxygen in 
decay to lower energy levels 
cess light wdl be generated. 
35 low levels of] light are dated 
ments such as liquid scintilla Jon 
ers, this is af(very cumbersonje 
vwhich doea not permit rapid 
large number of samples or 
40 larg© number of variables to 
And, while wis phenomenon 



invention per- 
juring the ab^ 
inl iction. compo- 
m« thods of makr 



45 



for some tin 
of it due to j 
along with j 
reagents. 



>; little advantage 
i0 limitations 
^availability of relatlv 
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phagocytic 
organs such as 
,uh of the 
3MCh as bacteria 
been published 
literature. t [ 
an specific cells 
which are known 
Seeking out. 
killing such I 
jgh complex ' 
calls may also i 
rtious agents 
jllutants- Part of 
sm includes the 
nergy oxygen : 
"»duce these 
phagoevtize. ; 
armed Sates will- 
md m the pro- I 
though these j 
using instru- 
speotromet^' 
. technique j 
inalysia of e 
amp los with a • 
ie investigated.- 
has bean known 
has been taken 
_ above !' 
aly stable 



detectable 



d< scribed ; 



acted to a 
igocytic response 
!uch method 



Disclosure of Invention 

Tha present Invention is d f 
method of measuring the pl*> 
50 of various phagocytic cells. 

takes advantage of the proc ss of phagocyto- 
sis used bylen organism to i esist infection or 
to remove particulate mattei |from the lungs, 
etc. A sample of blood-deriv pd or organ-de- . , 
55 rived phagobytic ceils is talo ;n from a human 
or Bnother animal and a par ide-containlng i . 
material ,adSed thereto whic j) is engulfed by- . 
the phagocytic cells. The ce fs respond to the 
particle-containing material md generate oxy- 
60 gen intermediates which In (urn, react with a 
chemical (W the perticle-con eining material.] 
This reaction generates ligh j as a result. This 
light so produced is detects i and measured. 
Another aspect of the inv wition includes » 
65 one such pjartiele-containini : reagent adapted 

5i F 
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lb being phagocytfeed by the sells and com- 
Iprises polymeric beads coatee with proteins to 
kvhich e luminescent chemical such as 5- 
iBmlno-2. 3,dihydro-1 , 4-phtMlazinadlone (lu- 
minol) is bonded thereto, 
i Another aspect of the invet ition includes 
[another such particle-containing reagent 
adapted to being phagocytic d by the cells 
■ and comprises polysaccharid. . particles da- 
' fivod from yeast cell walls mosan) adsorbed 
with proteins to which a lum. nescent chemical 
(luminol) is admixed. 

. Another aspect of the inve rtion includes a 
L method of making the coatee, particulate, 
H polymeric beads according tc the present in- 
i:vention. The polymeric bead :, about 2 to 
' about 9 microns in diameter ere coated with a 
protein end luminescent che nicel. The lumi- 
nescent chemical can be coated on the protein 
or admixed with the protein md the two 
applied to the polymeric beads together. The 
resultant particles are was he J, resuspended to 
' a final concentration and lycohilized. 

Another aspect of the invt ntion includes a 
6 method of making the Caste i zymosan par- 
ticles useful according to thr present inven- 
tion. The rymosan particles .ire coated with a 
protein. Luminol is mixed w th the coated 
| : particles and the resultant material is lyophll- 
5 i2ed into a stable, homogeneous product. 
The foregoing, end other eatures and ad- 
vantages of we present invtntlon, will be- 
come more apparent from the following de- 
scription and the accompan 'ing drawings. 

: ' Brief Description of the Drawings 

Figure 1 shows a typical esponse of diluted 
whole blood chemi luminescent assay using 
zymosan baaed reagent. 

Figure 2 ehows a typical . esponae of iso- 
lated neutrophils-asay usin< zymosan based ^ 
reagent. 

Figure 3 shows a typical esponse of iso- 
lated nevtrophils-essay using polymeric bead 
based reagent. 

Figure 4 shows a typical response of diluted 
whole blood chemilumines* ent essay using 
zymosan based reagent. 
|[ ! figure 5 shows s typical response of iso- 
15 lated neutrophile-assay usii g zymosan based 
*" reagent, 

Ffgure 6 shows a typical response of iso- 
lated ncuirophils-assay usii g polymeric bead 
based reagent. 
!0 

Beat Mode for Carrying Out the Invention 

While any particulate bo »d material com- 
patible whh the phagoeytn cell system may 
* . be used. organically-derived polymeric ma- 
|b5terial end particularly poly.'Orylamides (for 
example, Bio-Rad® particles. Richmond, Cali- 
fornia) and particulate zymosan have been 
found to be particularly su table. 

In orlar for this system «o function pro- 
30 parly, it is necessary to co it protein onto the 



PAGE 37/40 ' RCVD AT 12)112003 4:09:52 PM {Eastern Standard Time] * SVRiUSPTO-EFXRM 1 ' DNIS:8?29306 ' CSID:7043316090 ' DURATION (mnws):1348 



12/01/2003 16:21 FAX 7043316090 



ALSTON BIRD LLP 



eompvrsneo y , by 8 ; mp i [ electroste- 

£ a nfn^ Un «.o& or hum* or an-mal 

*. Uimliejw-tetarto U either 
10 chemically or 6y^»n^n. co* donor 

ut£ the Turning h diaoMd in ?"^^" 3 
bSfered solutioS, *"d preferably f^* 1 * 0 
->n fertn a reactive azo-intermediat* The azo- 
InCSedfeX re then reacted witl the p.otem 
pSm4 parties- This Ksute in an 

KA«>philked. Thp materiel derh« U from this 
yields JpMfeta. homo* keous pro- 

-?Q dU The luminol can also Simply I e admfred 
30 wit? a Wonsfcn of ^mossn , ^l^P^i- 
oWh/ coated w£h a suHable P« te n. The 
Suiting edmi^ire is filled intc vnta .and 
lyophiteed. The material derive b from tfus 
35 KoS» Vidd= 5 homc a neeus pro- 1 OC 

dV T^e lyophilld product descLd above is. 
after i^oristho&on with water, ready to use In 

40 *Fo7S3°mCthod using »lymerle par- \ 10 
40 ftXTocSStoO to about 2A 00.000 poly* 
crvtamide parScles In SO micr< iters of buffer 
arXlnUed wltH about 200,0Q< purified pha- 
Sm£ cell* i3 100 microliter | of buffer. Two 
a* SSnSary «aW methods use. in conjunction 
45 ^TtheSSn perticlaa am (1) whole 
Wood Is Sut3d.1:3 (one part kmicopgu ?ted 
blood pl^Sparts buffer). I ffty microliters , 
of % diltfJE mixed with 200 
of the coated fcymosan conteii ing luminol. 

spprcnclmatehl 50,000,000 p } rticle* and (2) 
Rftv microM*. of Tymosan 6 ispension w . 
nSS^SS' *0 milliters b *fer containing 

cX The ngftt generated fro. p these mixture^ 
is monftored beriodioalry ove. *»™ .^"JJj , . 
sure* the ph&cytic and bio ferrucal a«J"ft 
of the phagoKSo cell preper tion. Ceils ; whldh 

60 may be evented by this w> 

r^utrophl^Sonocyte^end hMhnn^ 
phages. Th Jftw* two of the* f cell types are 
Sbteinad frofo whole blood p aced on a den- 
S^grsdi^k*" as rlwK™ -Hypaque™ and 

65 cadged 'faes* cells banf In the gradienj. 



©038 



GB213 ' 948 A 



['are thus purified. Macrophages are ob- 
ed * rom ling washings and d > not retire 
location, in the following example!), neu- 
>jphils are used. 

•00 ma of the above-described polyacrv- 
£e beads having a 2-9 mioton dwn-tar 
'Suspended in 20 ml of wate' - To 
oenSon, 10 mg a? human ■n.munoglobul.n 
ngG) are added. The protein bead suspsn- 
in b gentry mixed and then chijad to 
ELS'C 40 mg of l-ethyl-3.3 dimethyl ami- 
&l caSbodLide hyd'rochi mde Is added. 
IThours later. 1 BO mg of gtyc ne b added. 
! Sb mixture is stirred overnight at 2 C-fi IU 
fi neSdsy. the suspension fe washed by 
ntrifuletion with phoephat- lu ^X^d 
K sodium chloride in phos )natebuffered 
&ne and fInallyJO.005 M phoiphate buffer. 
? k bead* are centrifuged agal i B «2l res ? 9 * 
r ^ded in 8.5 ml of 0-B M pH 8.5 borate 

diazonium salt of luminol ta PnP*^ "J 
Ending 20O mg luminol -r 20 ml 2 4 H 
Tci The mixture..* chiHed onj- a. 2.0 ml 100 
tig per mi sodium nitrite is ad led, m xed, 
ESowed rapidly; by the addHto^of chi led 
Hftffer. 50 ml 0;5 m pH B-5. \e pH s 
SiSed and adjusted with n N eedmm 
tWdroxidetopH7.-»±O.T.1--mlofthB 
faWium salt of luminal than added to *e 
jKTml of resuspended beads deS«ibed above 
ftfi the pH adjusted to pH B. ». The i suspan- 
[sion is mixed for three hours n the derk at 

rThe 8 d?ezotfeBd bead suspen ^n { s then die- 
L e d against several changes of 0 2J M pH 
EES borate buffer at 2"C-S'C Dialysis pro- 
Jcieds for at least 24 hours. 
"The beads are then washe* by cer.tnf uga- 
^?ng 0.2 M pH 8,0 b». ? buffer until 
the supernatant has less that 1.0% of the 
Bi mitiel Sght output of the totai suspension, ne. 
t n | greyer than 99% of luminol associated wnh 

'^Thrbeeda are then comrif jged onceagain. 
-The beads ar^resuspended In 
buffered saRne. The bead concen^h^n is 
iSdjusted to approximately 50^00.000 heads 
>S milliliter ai? deter mined I a ha^jW: 
Wer The auSpension is th«'n filled into v,als 
ZT6 mf portio'n, and lyopl than 
ij5.0% residual moisture as determined by Karl 

"Fisher titration. . _ .^l. 

r To use in the phagocytic .issay a viaMa 
Teconstituted by the addltlo i of 1-0 ml pun- 

f. ^ed water. 

i; , ; 

feW Z^L 2 n MSlgma Chen icel Co at .Louis 
Missouri) is suspended ln phosphate buffered 
« tna to b cr.ncentration of 24 mg per ml. To 
B'. .S s suspension is added «r equal volume of 
b 60% normal rabbit sonjm iiluted In phos- 
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phaie buffered saline- The suj pension is incu-r 
bated for ond hour at 37'C ir |a Shaking wateV 
bath. The suspension is then ;enlrtfuged, the 
supernatant discarded and tb thus treated 
Zymosan A (pellet) resti spend id in a small J , 
volume ofi phosphate buffered | saline. The susfc 
pension Is then drawn throug » a syringe nB*H i 
die (18-26 gjauge) to homog nize the suspeii-; 
sion. Finally sufficient phospr ate buffered san 1 
1 0 line is addedflto four times th< | original volume 
of suspension resulting in en approximate 9 
mg per ml suspension. This s hspension is 
then passed through a glass i *>ol plug to 
entrap any remaining large cl imps of zymo* ; 



15 san. 

A stack 'sol| 
dissolving; It 
aliquot of thji 
a solution co; 
phosphate 



20 



ion of luminal prepared by • 
O.Ot N sodiur !► hydroxide. AnT 
stock solution 1 1 then added to 
ining 20% fe al calf serum in] 

r _ red saline res lilting in a lumhij 

nol conoentrattion of 14.4 mil rograms per mil : , 
To One votfirna of zymosan suspension is \ ' ■ 
added one volume of tuminol fetal calf serum] . 
solution. The|resurting suspBrbion is mixed.! . 
25 filled into vials, tn 2 0 ml port ons and ryophiTr 
Ued to less than 6% residual (noisture as 
determined by Kari Fisher trtr Jtion. 

To use in toe phagocytosis assay, a vial is||- 
reconstitutedVith 2.0 ml puiffied water. 
30 ' 
Example 3 ! 

Several chjpdren previously diagnosed as 
having chrome granulomatou \ disease (CGD)l 
wore examined usfng the roa |ents and essay|- 
36 method described above. Thi disease was 
selected since the dysfunctioi is understood.] 
CGD is caused by the absent > of certain 
enzymes found in phagocytic cells of th a 
blood. Although the phagocy Jc cells are Jj. 
40 capable of erjgurfihg bacteria [particles), the ,1: 
cells are unable to inactivate br kill the bac- |L 
terla since .the phagocytic eel s tack the abitfl 
to generate Ijfigh energy oxyg an interrnedis 
As such, they cannot cause t le oxidation of m. 
45 luminol so engulfed by the ci lis. hence no 
detectable licjht response is o iserved. Ciini- 
cally. these bhildren typically present or man]' 
test this decrease as a severe reduction in P' 
their ability tj» resist infection See Figs. 1-3, U 
50 for typical 'response. WhBn tl ase children J.;^ 
- were tested along with appar mtly healthy 
control subjects, they produc ^d no light frc 
luminol oxidation, although t iey engulfed pa 
tides as effectively as the coi trols. 

55 

Example 4 

A group. oij children previously diagnosed a&; 
having asthrjia ware examines as related toijj 
their phagocytic/ biochem ice |response of pfi 
60 gocytic celts.M Approximately >elf the childrer 
were receiving therapeutic dc bos of theophyl 
line: the rambtnlng children \ ad not been 
placed on th(s' medication. Tl oophylline is 



65 



thought to t 
monophosp 



c an effect on cyclic adenosine^ 
;e (c-AMP) oh is known to; J' 
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lexart regulatory control over certain biochemi- 
cal actions of phagocyticells. See Rgs. 4-6, 
Tha children receiving theophylline generally 
demonstrated reduced levels of oxygen inter- 
mediate production as quant tated by reduced 
luminol oxldatton and light production- 

Such methods as describe i have particular 
utility for the quantification of infection resis- 
tance in terms iof phagocyte activity. However, 
such process also has appfic *tk>n in medical 
diagnosis, environmental im nunotoxicology, 
pharmacology j such as for n-onltoring toxicity 
of chemotherapy and radiation therapy pa- 
tients, as examples. It can b t used for the 
evaluation of immunocompe;Bncy, certain 
blood serum protein defects, etc. As a re- 
search tool, it can be used * - test pharmaceu- 
tical compounds end their ei feet on phago- 
cytes, effects of pollutants o i phagocytic cells 
and the effect tof toxic comp >unds on animals 
end humans. ( 

Although th'js invention rn«s been described 
with respect to detailed embodiments thereof. 
It will be understood by tho: a skilled in the art 
that various changes in fOrn and detail 
thereof may be made without departing from 
the spirit and scope of the c aimed invention. 



CLAIMS 

1 . A method of measuring the ability of an 
organism to resist Infection nomprising taking 
a sample of blood from the >rgani3m, separat- 
ing the phagocytic eel la fror i the blood, add- 
ing to the phagocytic cells r. articles coated 
with protein having a luminescent chemical 
bonded thereto, causing the phagocytic cells 
to engulf the particles thus activating the 
cells' biocheniical mechanis -n which reacts 
[[with the luminescent chemii al generating 
1: 5 s , light which is [measured on i lumtnometer. 
If 2. The method of claim 1 wherein the 
particles are pjorymerie bead* having dia- 
meters of about 2 microns u about 9 mi- 
crons. { 

3. The method of claim 2 wherein the 
1 beads are polyecrylamide. 

4. The method of claim 1 wherein the 
particles are zymosan partic es. 

5. The method of claim 1 wherein the 
luminescent chemical is lun-inoi. 

6. A phagocytic eompo iltion comprising 
polyacrylamide particles ha -ing a diameter of 
about 2 microns to about 3 microns coated 

J with a layer a(f serum prote n having a layer of 
* luminol bonded thereto. 

7. The composition of c aim 6 in lyophil- 
ized form. j 

8- A phagocytic compo? ition comprising 
zymosan particles coated w tb a layer of 
serum protein and luminol. 
t 9. The composition of c"aim 3 in lyophil^ 
I ized form. | 

ti 1 0. A method of mekin j a phagocytic 
-Jf reagent comprising coating particulate ma- 
50 tarial about 2 microns to al out 9 microns in 



PAGE 39/40* RCVDAT 12/1(2003 4:08:52 PM (Eastern Standard Time|« MUOTpf XRMI1 « DNIS:8?29306 ' CSID:7043316090 ' DURATION {mm-ss):13-48 



12/01/2003 16:22 FAX 70433 1609 0 



i a id 



I th; 



lumfnBs- 
i coated 

product, 
i vhgraln the 
luminescent 



diameter with e layer of protein 
cent chemical, and tyophilfeing 
particles to * stable, homogeneoij 5 

11. The method of claim 1 0 
5 protein layer is applied first and 

chemical applied thereto. 

1 2. The method of claim 1 0 
luminescent chemical id admixed 
protein poor to application to the 

10 materia?. 

1 3. The method of claim 1 0 ^herein the 
luminescent chemical is luminol- 

14. The rHethod of claim 10 
paniculate material is pnlyacrytanfide 

15 san. 



wherein the 
with tho 
particulate 



therein the 
or zymo- > 
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